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Background

Gastrointestinal cancers are the most common malignant tumors worldwide. As the improvement of survival by surgical resection alone for cancers is close to the bottleneck, recent neoadjuvant therapy has been emphasized and applied in the treatment. Despite the advantage on improving the prognosis, some studies have reported neoadjuvant therapy could reduce skeletal muscle and therefore affect postoperative outcomes. However, the conclusions are still controversial.



Methods

PubMed, CINAHL, Embase, and Cochrane Library were searched from inception to September 2, 2021. The inclusion criteria were observational studies, published in English, of individuals aged ≥18 years who underwent neoadjuvant therapy with gastrointestinal cancers and were assessed skeletal muscle mass before and after neoadjuvant therapy, with sufficient data on skeletal muscle change or the association with clinical outcomes. Meta-analysis was conducted by using the STATA 12.0 package when more than two studies reported the same outcome.



Results

A total of 268 articles were identified, and 19 studies (1,954 patients) were included in the review. The fixed effects model showed that the risk of sarcopenia increased 22% after receiving neoadjuvant therapy (HR=1.22, 95% CI 1.14, 1.31, Z=4.286, P<0.001). In the random effects model, neoadjuvant therapy was associated with skeletal muscle loss, with a standardized mean difference of -0.20 (95% CI -0.31, -0.09, Z=3.49, P<0.001) and a significant heterogeneity (I2 = 62.2%, P<0.001). Multiple meta regression indicated that population, neoadjuvant therapy type, and measuring tool were the potential sources of heterogeneity. The funnel plot revealed that there was no high publication bias in these studies (Begg’s test, P=0.544) and the sensitivity analysis showed stable results when separately excluding studies. For the postoperative outcomes, the results revealed that muscle loss during neoadjuvant therapy was significantly related to overall survival (HR=2,08, 95% CI =1.47, 2.95, Z=4.12, P<0.001, I2 = 0.0%), but not related to disease-free survival and other short-term outcomes.



Conclusions

This systematic review and meta-analysis revealed that skeletal muscle decreased significantly during neoadjuvant therapy in patients with gastrointestinal cancers and skeletal muscle loss was strongly associated with worse overall survival. More high-quality studies are needed to update and valid these conclusions in a more specific or stratified way.



Systematic Review Registration

[https://www.crd.york.ac.uk/PROSPERO/], identifier PROSPERO (CRD42021292118)
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Introduction

Gastrointestinal (GI) cancers, which mainly include esophageal, gastric, and colorectal cancers are commonly diagnosed worldwide and have constituted a heavy disease burden. According to the latest statistics, these three cancers account for 18.7% and 22.6% of the newly cancer cases and deaths, respectively (1). Although surgery is still the main treatment for GI tumors, the improvement of survival by surgical resection alone for locally advanced tumors has been close to the bottleneck (2). Over the past decades, the effect of neoadjuvant therapy (NAT) has been gradually emphasized. NAT includes neoadjuvant chemotherapy (NACT), neoadjuvant chemoradiotherapy (NACRT), targeted therapy and even immunotherapy (2). It was first put forward by Frei in 1982 and was a comprehensive treatment model developing gradually, based on postoperative adjuvant radiotherapy and chemotherapy (3). As recommended by National Comprehensive Cancer Network (NCCN) and American Society of Clinical Oncology (ASCO), surgery combined with NAT has gradually become the standard treatment for patients with local advanced GI cancers (4).

Skeletal muscle could be the largest organ of the human body and plays an important role in maintaining fitness and health status (5). Usually, sarcopenia is defined as the progressive loss of muscle mass and function and mainly involves the elderly; however, researchers have found that volumetric muscle loss (VML), which refers to the rapid-onset and focal loss of skeletal muscle, could exert negative effects on other people as well (6, 7). In cancer patients, except for age-related muscle loss, both tumors and tumor-related treatments are vital reasons for muscle homeostasis imbalance and volumetric muscle loss. Cancer-released exosomes could promote proinflammatory cytokines and factors to elicit activation of cascades and inhibit the function of the muscle metabolism pathways; cancer cells may also activate the ubiquitin-proteasome system (UPS) and the myostatin pathway, as well as increase the expression of phosphatase and tensin homolog (PTEN), therefore leading to protein degradation and muscle atrophy (7). In addition, cancer-related treatments, such as chemotherapy, can trigger off a progressive erosion of the muscle. The potential mechanisms lie in that the molecular pathways of muscle metabolism could be modified by chemotherapeutic drugs directly, therefore inducing sarcopenia (8). Furthermore, chemotherapy or radiotherapy may worsen dysphagia, anorexia, and other cancer-related symptoms, detrimentally affecting nutritional status which could lead to reduced body weight and muscle mass (9).

Numerous studies have shown that low skeletal muscle mass can be a predictor of poor outcomes for cancer patients, which is strongly related to a longer hospital stay, more postoperative complications, reduced survival rates and worse, health-related quality of life (7, 10, 11). Due to the increased consumption of nutrients and metabolic disorders, patients with GI tumors are more likely to suffer from muscle depletion (11), which is strongly associated with worsening of the nutritional state and quality of life in these patients (12). Although NAT has the advantage of reducing tumor size and stage, increasing the R0 resection rate and inhibiting micrometastases (13–15), some studies found skeletal muscle mass could decrease significantly after NAT, which may contribute to preoperative sarcopenia and exacerbate postoperative outcomes (16–18). Currently, various assessment tools exist for the characterization and quantification of muscle loss with easy access in the clinical practice (6), and several strategies, such as ghrelin, oral supplementation, and enteral nutrition or exercise have been found effective to improve muscle mass and attenuation induced by chemotherapy (7, 8). Hence, it is necessary to focus on changes of skeletal muscle mass in patients with GI cancers during NAT, which could provide important evidence for the implementation of early individualized rehabilitation interventions.

Previous meta-analyses have demonstrated that sarcopenia could be a predictor of poor postoperative outcomes in cancer patients (19–21). A recent meta-analysis also reported that NAT could significantly increase the prevalence of sarcopenia in patients with esophageal cancer (EC), and overall survival (OS) and disease-free survival (DFS) were worse in EC patients diagnosed with sarcopenia preoperatively than those who were not (22). However, these studies either failed to consider the impact of NAT itself on skeletal muscle mass or confused the effect of pre-existing sarcopenia with NAT-related sarcopenia on postoperative outcomes. Additionally, whether NAT would reduce skeletal muscle mass in patients with GI cancers and, therefore, affect postoperative outcomes are uncertain. Some studies found no statistically significant reduction in skeletal muscle after NAT (23–25), and muscle loss after NAT may not be a predictor for long-term outcomes in cancer patients (26). Furthermore, findings on short-term outcomes like postoperative complications, and mortality were also contradictory (27–30). Therefore, the purpose of this systematic review and meta-analysis was to evaluate the effect of NAT on skeletal muscle mass in patients with GI cancers and to explore the relationship between muscle change during NAT and clinical outcomes.



Methods

This systematic review and meta-analysis followed a predefined protocol registered with PROSPERO (CRD42021292118) (31) and adhered to the latest Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (32).


Literature Search

A pre-search was conducted in PubMed to identify the subjects, keywords, and synonyms. Then, the PubMed, CINAHL, Embase, and Cochrane Library were searched from inception to September 2, 2021. The search strategies were based on keywords, and the medical subject headings (MeSH) according to PICO framework (Table 1) (33). Reference lists of the selected relevant studies were also scanned to further identify additional studies. Search results were imported into Endnote X7 and duplicates were discarded.


Table 1 | Search strategies according to PICO framework.





Eligibility Criteria

We included studies that met these criteria: (1) any original observational studies; (2) included patients who were over 18 years and underwent NAT (including chemotherapy and chemoradiotherapy) with gastric, esophageal, or colorectal cancer; (3) patients were assessed skeletal muscle before and after NAT, and the second assessment must have been completed before any additional treatment like surgery and postoperative chemotherapy; (4) reported sufficient data on skeletal muscle change (providing specific pre-NAT and post- NAT value or change rate) with or without the association with clinical outcomes (e.g., complication, length of hospital stay, mortality, survival rate); (5) only published in English. Studies were excluded if full-text of the studies were unavailable. If studies were based on the same patients, the most recent or completed one was chosen.



Study Selection and Data Extraction

Firstly, the title and abstract were screened by XX based on the above criteria. The full-text of potential eligible articles were retrieved and evaluated by two researchers (XX and XJ). Papers that did not meet the criteria were excluded, with the reason(s) for exclusion recorded. Any disagreement would be resolved by discussion until consensus was reached or by consulting a third author (SZ). After that, two researchers extracted data by using a standardized data collection form independently. The following data were collected: the first author’s last name, publication year, country, study design, study aim, sample size, sex, age, cancer type and stage, treatment, measuring tool, muscle change outcomes including the degree of muscle loss during NAT, change rate in muscle mass (mean/range), cut-off value and incidence of severe muscle loss, the prevalence of sarcopenia before and after NAT, and findings on the associations between muscle change and clinical outcomes.



Quality Assessment

The quality of study was independently assessed by two researchers using the National Institutes of Health (NIH) Quality Assessment tool for Observational Cohort and Cross-Sectional Studies. The quality of study was rated as good, fair, or poor (https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools).



Statistical Analysis

Meta-analysis was conducted by using the STATA 12.0 package (StataCorp, College Station, TX, USA) when more than two studies reported the same outcome. To compare the change in the prevalence of sarcopenia before and after NAT, hazard risk (HR) was applied. To compare the change of skeletal muscle during NAT, mean and standard deviation (SD) were applied directly from the publication where possible. For studies that only provided the value of median, range, or interquartile range (IQR), method put forward by Wan et al., was applied to estimate the sample mean and SD (34). Due to the various measurement units of muscle mass, the results were pooled by standardized mean difference (SMD). To analyze the relationship between muscle loss and prognosis, odds ratio (OR) or HR for dichotomous or survival variables were pooled using a fixed or random effects model as appropriate. Heterogeneity of the included studies was assessed by I2 test, and regarded as low, moderate, or high when I2 was around 25%, 50% or 75%, respectively. The random effects model was used when I2 >50%; otherwise, a fixed effects model would be applied (35). When I2 >50%, multiple meta regression was performed to explore whether the heterogeneity could be explained by study design, population, cancer type, NAT type, or measuring tool. The following subgroup analyses was used to illustrate the source of heterogeneity identified by meta regression.

Moreover, sensitivity analysis was conducted by sequentially removing each study, and Begg’s test was used to evaluate publication bias. A two-sided P value <0.05 was defined as statistical significance in this study. For those postoperative outcomes that could not be combined, descriptive analysis would be applied.




Results


Search Results and Study Characteristic

A total of 268 articles were found after removal of duplications. Finally, 19 literatures (16–18, 23–27, 29, 30, 36–44) were included in our study with a total sample size of 1,954 participants. The flow diagram of the selection process was presented in Figure 1. Among these studies, there were 3 prospective studies (38, 40, 42), while others are retrospective studies. Thirteen studies (18, 24, 26, 29, 30, 37–44) focused on patients with esophageal cancer, one (27) focused on gastro- esophageal cancer, two (25, 36) focused on gastric cancer and three (16, 17, 23) focused on rectal cancer. Furthermore, more than half of the studies (18, 23–26, 29, 36–38, 41) were conducted in the Asian population, with the remaining nine from non-Asian population (16, 17, 27, 30, 39, 40, 42–44). Most studies have limited NAT to neoadjuvant chemotherapy (NAC) or neoadjuvant chemoradiotherapy (NCRT), while 7 studies (16, 25, 29, 30, 41–43) included both therapies. In addition, computed tomography (CT) was the most used tool to measure muscle mass, and only three studies (18, 24, 38) used bioelectrical impedance analysis (BIA). The characteristics of the included studies are shown in Tables 2, 3.




Figure 1 | The flow diagram of the study selection process.




Table 2 | Main characteristics of included studies (n = 19).




Table 3 | Main clinical outcomes included in meta-analysis (n = 8).





Quality Assessment

Eight studies were of good quality (16, 18, 25–27, 36, 37, 41), and the others (17, 23, 24, 29, 30, 38–40, 42–44) were regarded as fair. However, it should be noted that all studies did not provide a sample size justification. The quality assessments of the included studies are summarized in Table 4.


Table 4 | Quality assessment for included studies based on NIH Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies (n = 19).





Effect of Neoadjuvant Therapy on Skeletal Muscle Mass

The skeletal muscle indicators involved in the review include skeletal muscle mass (SMM), skeletal muscle index (SMI), skeletal muscle area (SMA), psoas muscle index (PMI), and total psoas muscle area (TPA), and only the study of Yip et al. (39) used fat free mass (FFM) to represent skeletal muscle. In this study, FFM was estimated using a regression equation based on skeletal muscle mass, and thus we included it in our study. In addition, some studies determined the specific cut-off value for the rate of muscle loss to divide patients into severe loss group and no significant muscle loss group. However, the value varied from 3% to 13% due to different calculation methods. Two studies (18, 43) set the value based on previous studies, and four (16, 25, 30, 37) used the ROC curve, with the remaining three studies (26, 27, 41) used specific percentile values to determine the cut-off value.

Nine studies (23, 24, 27, 37, 39, 40, 42–44) reported the change in the prevalence of sarcopenia during NAT, and the meta-analysis showed that the risk of sarcopenia increased 22% after receiving NAT (HR=1.22, 95% CI 1.14, 1.31, Z=4.286, P<0.001) (Figure 2). Meanwhile, seven studies (18, 27, 36, 39–42) reported a significant change of skeletal muscle during NAT, while the other twelve studies observed the opposite result (16, 17, 23–26, 29, 30, 37, 38, 43, 44). Bases on the extracted data, we included sixteen studies (23, 24, 27, 36–40, 42) with 20 groups of sufficient data in our meta-analysis to explore the effect of NAT on skeletal muscle. In the random effects model, NAT was associated with skeletal muscle loss, with a standardized mean difference of -0.20 (95% CI -0.31, -0.09, Z=3.49, P<0.001). However, there was a moderate heterogeneity between the studies (I2 = 62.2%, P<0.001) (Figure 3). As such, we conducted multiple meta regression according to the study design, population, cancer type, neoadjuvant therapy type, and measuring tool. The results indicate that population, neoadjuvant therapy type, and measuring tool were the potential sources of heterogeneity (Table 5). From the following subgroup analysis results (Supplement Figure S1), skeletal muscle mass decreased significantly in the non-Asian population group, NCRT group and CT group (random effect models: SMD = -0.19, 95% CI -0.28, -0.09, Z=3.69, P<0.001; SMD = -0.25, 95% CI -0.44, -0.07, Z=2.66, P=0.008; SMD = -0.23, 95% CI -0.34, -0.12, Z=3.99, P<0.001, respectively).




Figure 2 | Forest plots of the prevalence of sarcopenia before and after neoadjuvant therapy.






Figure 3 | Forest plots of the effect of neoadjuvant therapy on skeletal muscle mass




Table 5 | Results of multiple meta regression for potential source of heterogeneity.





Relationship Between Muscle Loss During Neoadjuvant Therapy and Postoperative Outcomes


Long-Term Survival Outcomes

Nine studies (16, 17, 23, 26, 37, 39, 41, 43, 44) reported the relationship between muscle loss during NAT and postoperative overall survival. Five studies (16, 37, 41, 43, 44) showed that the group with muscle loss had a poorer overall survival than the group without, while the others did not find a significant difference between them. For disease-free survival, five studies (16, 18, 23, 29, 37) demonstrated that it was associated with the decrease in muscle mass during NAT, but two studies (26, 40) could not observe the difference.

Meanwhile, six studies (16, 17, 29, 37, 41, 43) provided sufficient data on survival outcomes (Table 3). Based on the extracted data, we conducted the meta-analyses. As shown in Figure 4, the results indicate that in the fixed effects model, muscle loss during NAT was significantly related to overall survival (HR=2,08, 95% CI =1.47, 2.95, Z=4.12, P<0.001, I2 = 0.0%). However, in the random effects model, no significant association was found with disease-free survival (HR=1.50, 95% CI =0.68, 3.29, Z=1.00, P=0.317, I2 = 73.0%).




Figure 4 | Forest plots of the relationship between muscle loss during neoadjuvant therapy and (A) overall survival and (B) disease-free survival





Postoperative Complications

There were seven studies (16, 25, 27, 29, 38, 41, 43) concerning the effect of muscle loss during NAT on postoperative total complications, while only one study (38) demonstrated that total complications were associated with marked muscle loss and the others showed no significance. Two studies (16, 27) involved severe complications, which was defined as Clavien-Dindo graded 3 (45), though the results were not consistent. Except for total complications and severe complications, some studies also demonstrated specific complications, including blood loss (41), anastomotic leakage (27, 30, 41), pneumonia (27, 29, 30, 41), recurrent nerve paralysis (41) and chylothorax (30, 41), but none of the results had a significant difference. However, when considering postoperative infection, there were two studies showing that muscle loss during NAT was associated with a higher rate of infection (18, 27).

There were five studies (16, 27, 29, 41, 43), 3 (27, 30, 41) and 4 studies (27, 30, 41, 43) separately included in the meta-analyses of the relationship between muscle loss and total complications, pneumonia, and anastomotic leakage (Table 3). The pooled results in the random effects model revealed that there was no significant association between muscle loss and these postoperative outcomes. (Figure 5B (OR=0.88, 95% CI =0.57, 1.35, Z=0.6, P=0.55), Figure 5C (OR=1.05, 95% CI =0.63, 1.77, Z=0.19, P=0.85), Figure 5A (OR=1.62, 95% CI =0.48, 5.48, Z=0.77, P=0.44)




Figure 5 | Forest plots of the relationship between muscle loss during neoadjuvant therapy and (A) total complications, (B) anastomotic leakage, (C) pneumonia and (D) mortality





Postoperative 30-d Mortality

There were four studies (27, 30, 40, 41) illustrating the association between loss of muscle mass and postoperative 30-d mortality. One study (30) supported that decreased muscle mass during neoadjuvant therapy could be a predictor of increased mortality in patients receiving esophageal cancer resection, while two studies (27, 41) could not support this conclusion. Another study (40) found that in patients with stage III–IV tumors, there was a significant difference between 30-d mortality and muscle loss, but this difference did not exist in patients with stage I-II tumors. However, the result of meta-analysis demonstrated that muscle loss was not related to postoperative mortality. [Figure 5D (OR=1.05, 95% CI =0.40, 2.72, Z=0.1, P=0.922]



Length of Hospital Stay

Three studies (29, 40, 41) mentioned length of hospital stay and these results all demonstrated that there were no significant differences between the muscle loss and non-muscle loss groups.




Publication Bias and Sensitivity Analysis

The funnel plot revealed that there was no high publication bias in these studies (Begg’s test, P=0.544). Furthermore, we conducted a sensitivity analysis for the meta-analysis of effect of NAT on muscle mass and the results were stable when separately excluding studies. The results are shown in Figure 6.




Figure 6 | (A) Publication bias of effect of neoadjuvant therapy on muscle mass, (B) Sensitivity analysis of effect of neoadjuvant therapy on muscle mass






Discussion

This systematic review and meta-analysis was the first to investigate the skeletal muscle change during neoadjuvant therapy in patients with gastrointestinal cancers. The pooled results suggest that NAT significantly reduced skeletal muscle mass and muscle loss during NAT could be a prognostic indicator for overall survival.

Body weight (BW) and body mass index (BMI) are the most widely used indicators to evaluate nutrition status, which can be easily assessed in clinical practice (46). However, due to the high prevalence of chemotherapy-induced oedema (47), BW, or BMI may not be the reliable and sensitive indicator for patients receiving NAT. It is notable that most studies included in our study only found the decrease of skeletal muscle mass after NAT without any significant change in BW or BMI. Patients with GI cancers were reported to maintain or even gain body weight during NAT (36, 42), while more than 50% patients experienced skeletal muscle loss (18, 29, 41), and the mean rate of loss was around 5% (16, 26, 39). Our meta-analysis also indicated that NAT was significantly correlated with skeletal muscle loss and the results were proved to be stable without any publication bias. Thus, more attention should be paid to the change of skeletal muscle during NAT. Currently, the detailed mechanisms for skeletal muscle loss during NAT remain uncertain but chemotherapy-related toxicities can be one related reason (24). Toxicities not only cause direct acute damage to mitochondrial function, but also increase the risk of intestinal inflammation including diarrhea, nausea, and vomiting (48–51). As the increasing energy consumption caused by intestinal inflammation, skeletal muscle protein catabolism is enhanced (52). Matsuura et al. (36) found that patients who experienced severe diarrhea showed more skeletal muscle loss. Therefore, prevention of those symptoms may help to preserve muscle mass during NAT. Additionally, the relationship between muscle loss and the effectiveness of NAT should be explored in future study.

In our study, the population was one of the potential sources of heterogeneity based on meta regression. The Asian population has a lower BMI and lower prevalence of sarcopenia than non-Asian individuals (52). As such, the degree of muscle change can vary significantly by population. Moreover, NAT dominates the treatment strategies for GI cancers in western countries, while surgery is still the main method in Asia (53). There are some differences in the neoadjuvant treatment protocols (40, 41). Therefore, future studies need to explore the pattern of muscle change during NAT according to different populations. Meanwhile, the type of NAT was considered as a source of heterogeneity. NAT mainly includes neoadjuvant chemotherapy (NCT), neoadjuvant chemoradiotherapy (NCRT), and NCT combined with NCRT. Although there were no significant differences among these three therapies on improving short-term and long-term outcomes in patients with GI cancers (54, 55), our findings indicate that they had inconsistent impact on skeletal muscle. As such, researchers can further compare different types based on their effect on skeletal muscle and provide evidence for the best choice of treatment regimens. In addition, our results show that measuring tools could cause heterogeneity. Both CT and BIA are effective tools to assess body composition recommended by guidelines (56, 57), but some studies argued the accuracy of skeletal muscle mass assessment by BIA, especially for patients with severe ascites or oedema (58). However, CT requires expensive equipment, has high amount of radiation exposure, and the analysis of body composition from CT necessitates specialist software and training, while BIA is practical, non-invasive, and convenient to perform (59). Therefore, future studies should identify the most suitable tools when assessing muscle change for patients with GI cancers. The assessment of muscle mass should also be included into the regular standard of care for patients who are receiving NAT. We also found that different cancer types were not a potential source of heterogeneity in this study, while previous studies reported that patients with upper-GI cancer, especially esophageal cancer, were at a higher risk of malnutrition (60). The possible reason may be associated with the tumor obstruction in the esophagus (61), leading to the high prevalence of dysphagia and weight loss. Considering this significant syndrome and its negative impact on nutrition condition, researchers could compare the degree of muscle loss during NAT based on different types of GI cancer in the future.

Several systematic reviews have summarized the predictive value of preoperative sarcopenia or sarcopenia at diagnosis in patients with GI cancers (10, 22, 62). However, many included studies reported that the degree of sarcopenia was aggravated and a significant number of patients became sarcopenic during NAT, indicating the continuous change state of body composition and nutrition condition (24, 37, 40, 42). Hence, it is more meaningful to focus on the effect of skeletal muscle changes during NAT rather than pre-NAT or post-NAT muscle mass. We conducted qualitative and quantitative synthesis to explore the impact of muscle loss on both long-term and short-term clinical outcomes. On the aspect of long-term survival, the meta-analysis results showed a significant and strong association between muscle loss during NAT and overall survival, suggesting that skeletal muscle loss during neoadjuvant therapy could be a prognostic indicator for overall survival. However, no correlation with disease-free survival was found. The possible reasons may be related to the limited amount of included articles and high heterogeneity. Conversely, we demonstrated that severe muscle loss during NAT was not associated with short-term postoperative outcomes, including length of hospital stay, postoperative complications, and 30-d morbidity. It is notable that the following curative surgery resection may also reduce skeletal muscle mass and several studies have reported that severe acute surgery-induced muscle loss is related to longer a hospital stay, more postoperative complications, and poorer quality of life (63, 64). As such, worse short-term postoperative outcomes may be attributed to postoperative muscle loss rather than loss during NAT, and more related studies are needed to validate this conclusion. Currently, there is no gold standard to determine severe muscle loss during NAT and the cut-off value varies in our included studies. The identification of cut-off value is one direction of further study, which is beneficial to screen the risk factors for severe muscle loss and implement early detection and intervention.

Due to the close relationship between muscle loss during NAT and worse survival, target intervention should be conducted to prevent severe muscle loss during NAT. As we referred to in the “Introduction”, there are multifactorial causes of muscle loss for patients with GI cancers and patients usually suffer from lower energy intake and higher energy expenditure (65). Symptoms like sarcopenia, dysphagia, malnutrition, and osteoporosis can overlap in the individuals, especially in elderly or frail patients (66). Therefore, comprehensive and multidisciplinary management is crucial in clinical practice and alternative strategies for muscle loss in cancer patients mainly include exercise training, nutritional supplementation, appetite stimulants, and other developing pharmacological agents (67, 68). Among them, exercise training is recommended as an effective non-pharmacological intervention to reduce muscle loss and improve muscle function. One systematic review (69) demonstrated that resistance training could improve mitochondrial density and dynamics, while endurance training was related to increased mitochondrial antioxidant capacity, which can provide strong evidence for clinical target exercise intervention. Currently, there are several drugs being tested in the preclinical or at Phase III stage, which have great possibility to preserve muscle and fat mass and prolong survival (68). As such, a balanced combination of pharmacological and non-pharmacological interventions should be an important goal in the future.

Some limitations should be acknowledged in this study. Firstly, all included studies were observational study in English, and more than half of studies were graded as moderate quality, which may affect the strength of evidence and increase the risk of bias. Secondly, several studies performed Kaplan-Meier method and log-rank test to analyze the effect of muscle loss on clinical outcomes. Therefore, we failed to obtain sufficient data of HRs and ORs for those outcomes. In addition, when the association between muscle loss and outcomes was summarized, only a small number of articles were included in our meta-analysis and subgroup analysis were not stratified.



Conclusion

In summary, this systematic review and meta-analysis revealed that skeletal muscle decreased significantly during neoadjuvant therapy in patients with gastrointestinal cancers and skeletal muscle loss was strongly associated with worse overall survival. Future research should identify the criteria of severe skeletal muscle and further explore the effect on short-term clinical outcomes. Moreover, high-quality prospective studies and randomized controlled trials based on specific population, neoadjuvant treatment, measuring tool and cancer type are needed.
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by surgery.

Retrospective, To investigate
the effect of the severity and
timing of changes in PMI on
the survival of patients under
NCRT plus esophagectomy
and the association between
PMI and other prognostic
markers in these patients
Retrospective, To evaluate
the change in body
composition, sarcopenia, and
muscle strength during
NCRT, and the impact of
body composition and
muscle strength on
postoperative morbidity and
survival.

Retrospective, To assess
changes in body composition
during NAC and to determine
its predictive value for
postoperative complications.

Retrospective, To clarify
whether low pre-treatment
SMM could be a predictor of
adverse events during NAG
and explore the refationship
between SMM and adverse
events during NAC.
Retrospective, To explore the
association between body
composition changes during
NAT and survival in patients
with GC,

Retrospective, To assess
body composition changes
during NCRT and its impact
on outcome.

Retrospective, To establish
the correlation between body
composition changes after
NCRT and postoperative
outcomes.

Retrospective,

To explore the relationship
between skeletal muscle
changes during NAT and
prognosis.

Cancer
type,
stage’

EC
0l

EC
-V

EC
Y

EC
3]

EC
-V

EC
NS

EC
v

EC
NS

EC
NS

EC
o-Iv

EC
NS

EC
lb-lic

EC
NS

AEGJ
GC
NS

GC
-V

GC
ol

RC
o, v

RC
NS

RC
[l

Sample size  Treatment®
(number of
males), age?
35 (30) NAC:
63 (34-78) 100%
30 (25) NAC: 100%
65 (53-75)
96 (80) NCRT:
NS 100%
84.(72) NAG: 23%
NS NCRT: 77%
94 (76) NAC: 100%
642288
28 (23) NAG: 21%
62882  NCRT:79%
83 (66) NCRT:
65 (45-81) 100%
115 (86) NAC: 76%
NS NCRT: 24%
82(71) NAC: 46%
63575  NCRT:54%
53 (49) NAC: 89%

SML <4%: 62.6 NCRT: 11%
+6.7

SML >4%: 65.8
+80
248 (NS) NCRT:
63576 100%
113 (96) NCRT:
SML <20%: 64 100%
(59-68)
SML >20%: 65
(56-68)
322 (244) NCRT:
63787 100%
199(158)  NAG: 100%
66 (28-80)
41(28) NAG: 100%
72 (48-82)
157 (115)  NAC:82%
61(53-67)  NCRT: 18%
122 (71) NCRT:
61(53-66) 100%
52 (34) NCRT:
63 (32-79) 100%
47 (35) NAC: 43%
66(27-88)  NCRT:57%

Measuring tool,
component®

CT FFM (kg/m?)

BIA SMM (kg)

cr
SMI (cm?/m?)

CTSM (PM)
(em?/m?)

BIA SMM (kg)

CT SMI (em?/im?)

BIA SMI (kg/m?)

CT SMI (em?/m?)

CT SM (PM))
(om?/m?)

CT SM (TPA)
(em?)

CT SMI (cm?/m?)

CT SM (PM)

(cm?/m?)

CT SMI (em?/m?)

CT SMI (em?/m?)
SMA (m?)

CT SM (PM)
(cm¥m?)

CT SMA (cm?)

CT SMI (cm?/m?)

CT SMA (cm?)

CT SM (PM)
(cm¥m?)

Pre-NAT

18.47 224

249+08

509+85

463 (1.77-689°

250+48

60.3+8.1

NS

NS

5.08 (2.74-9.93)*

NS

49.72 £ 7.92

SML=20% after
surgery (n=27):
480 (3.38-5.81)°

SML<20% after
surgery (n=86):
4.26 (3.72-5.41)°
No compiication
(n=86): 46.2 + 9.3
Minor complication
(n=95): 46.1 + 8.6
major complication
(n=44): 46.9 +
10.1

51.87 + 10.31
150.41 + 33.61

477 =111

137.96 (111.87-
154.41)°

46.6 (41.2-53.4)°

133.87 + 31.6

3254 (146.7-
696.1)°

Post-NAT

17.57 +2.14

252407

484 +85

454 (159-6.89

249+48

547+75

NS

NS

4.87 (259961

NS

45.10 £ 7.57

SML 220% after
surgery (n=27):
452 (3.16-5.09

SML <20% after
surgery (n=86):
422 (355-4.95°
No complication
(n=94): 46.3 + 8.7

Minor complication
(n=107): 456.0 + 8.5
major complication
(n=66): 46.3 + 9.2

4919 £9.71
142,60 +31.94

4.50+1.20

137.97 (112.03-
156.41)

46.9 (40.2-63.1)°

13339+ 315

313.0(1105-
722.3°

Findings

Muscle change:

« FFM | significantly after NAC, change rate
was

.« 46+68%.

+ Prevalence of sarcopenia: increased, from
16% to 43%.

Association with outcomes:

* Skeletal muscle loss (SML) was associated

with risk of Gircumferential resection margin

posttivity, but not related to sunvival.

Muscle change:

+ No significant decrease showed in SMM
after NAC.

+ 36.7% patients had SML.

Association with outcomes:

* Change in skeletal muscle was associated

with postoperative complications.

Muscle change:

+ SMM | significantly after NCRT.

+ Prevalence of sarcopenia: increased, from
56% 10 67%.

Association with outcomes:

+ No significant association between muscle
loss and mortality was found in the complete
cohort.

+ For advanced stage (II-), SML may predict
postoperative mortalty.

Muscle change:

+ SMM | significantly after NAT.

+ 64% patients had SML.

+ Cutoff value for severe SML: >-0.28; 50%
patients had severe SML.

Association with outcomes:

* Severe SML during NAT was associated with

poor overall sunvival (OS).

Muscle change:

+ No significant decrease showed in SMM
after NAC.

+ Prevalence of sarcopenia: increased, from
47% 10 53%.

Association with outcomes:

« The incidence of serious adverse events (€.g..

febrile neutropenia) was associated with severe

SML.

Muscle change:

+ SMM | significantly after NAT.

« Prevalence of sarcopenia: increased, from
7% t0.22%

« Association with outcomes: NS

Muscle change:

+ SMM | significantly after NCRT in patients
with postoperative infectious complications.

+ 53% patients had SML.

+ Cutoff value for severe SML: >5%; 18.0%
patients had severe SML.

Association with outcomes:

« SML during NCRT was a significant risk factor

for postoperative infectious complications.

Muscle change:

+  Prevalence of sarcopenia: not significant
increased, from 79% 10 80%.

+ Cutof value for severe SML: >3%; 50%
patients had severe SML.

Association with outcomes:

« Severe SML during NAT was associated with

poor OS.

Muscle change:

« Mean reduction in PMI value: 0.2 cm?/rme.

+ 75.6% patients had SML.

Association with outcomes:

« Low muscle mass before surgery was related

to higher risk of recurrence and poorer disease-

free sunvival (OFS)

Muscle change:

+ Loss rate in TPA after NAT: 7.3 = 6.8%.

+ Cutoff value for severe SML: >4%; 62.3%
had severe SML.

Association with outcomes:

* Severe SML was associated with higher risk

of postoperative mortalty.

Muscle change:

« Change rate in SMM: 6.6 = 6.1%

+ Prevalence of sarcopenia: increased, from
63% 10 84%.

+ Cutoff value for severe SML: >10%; 28.2%
patients had severe SML.

Association with outcomes:

« Severe SML was associated with poorer OS

and DFS.

Muscle change:

+ Medan (range) rate loss in PML: 5.3 (1.5-
12.7)%

+ Cutoff value for severe SML: 213%; 25.0%
patients had severe SML.

Association with outcomes:

* No significant association between muscle

loss during NACT and OS or DFS was found

Muscle change:

« Prevalence of sarcopenia: not significant

increased, from 56% to 58%.

Association with outcomes:

* No significant association between muscle

loss during NAGT and postoperative morbidity

was found.

Muscle change:

+ SMM | significantly after NAC.

+  Prevalence of sarcopenia: increased, from
42% to 54%.

+ Cutoff value for severe SML: >5%; 45.7%
patients had severe SML.

Association with outcomes:

* No significant association between severe

SML and postoperative complications was found.

Muscle change:

 SMM | significantly after NAC: -5.95  7.69%

Association with outcomes:

+ Severe diarthea was associated with SML

during NAT.

Muscle change:

« No significant change showed in SMM after
NAT.

+ Cutoff value for severe SML: >2%; 42.7%
patients had severe SML.

Association with outcomes:

« No significant association between skeletal

muscle mass change and survival was found.

Muscle change:

« No significant change showed in mean SMI

after NCRT, while a wide distribution in muscle

change was observed.

Association with outcomes:

* SML during NCRT was associated with DFS

and distant metastasis-free survival.

Muscle change:

+ No significant change showed in SMM after
NCRT.

+  Prevalence of sarcopenia: not significant
increased, from 58% to 60%

+ 36.5% patients had SML >2%, and 30.7%
>5%.

Association with outcomes:

* Severe SML during NCRT was associated

with shorter DFS.

Muscle change:

+ Mean change rate was -4.3%, and the range
was -25.2-24.8%.

+ Cut-off value for severe SML: >10%; 31.9%
patients had severe SML.

Association with outcomes:

* Severe SML during NAT was associated with

shorter DFS and OS.

EC, esophageal cancer; GC, gastric cancer; CRC, colorectal cancer; AEG, adenocarcinoma of esophagogastric junction; NS, not specified.
?Age was presented as mean + sd OR median (range).
*Treatment: NAC, neoadjuvant chemotherapy; NCRT, neoadjuvant chemoradiotherapy.
FFIM, fat free mass (calculated based on SMM); SMM, skeletal muscle mass; SMI, skeletal muscie index; SMA, skeletal muscie area; SML, skeletal muscle loss.
SM (PMI) = skeletal muscle which was evaluated as psoas muscle index; SM (TPA) = skeletal muscle which was evaluated as total psoas muscle area.
“Data was presented as median (range).
“Data was presented as median (QR).

“Data was presented as mean (range).

The symbol | means “muscle mass decreased after necadjuvant therapy”.
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Survival outcomes

Short-term outcomes (severe muscle loss VS No significant muscle loss)

0s DFS Total complications Anastomotic leakage Pneumonia Mortality
(yes/no) (ves/no) (ves/no) (ves/no)
Liu 2016 Japan (41) 2.78 (1.16-7.12) 20/34 6/48 6/48 1/63
15/15 2/28 3/27 1/29
Jarvinen 2018 Finland (43) 1.64 (1.00-3.37) 62/30 13/79 9/83
17/6 2/21 1/22
Ozawa 2019 Japan (29) 1.00 (0.40-2.16) 414
19/45
Yassaie 2019 New Zealand (30) 6/27 16/18 8/25
317 713 0/20
Yoon 2020 Korea (37) 2.23
(1.42-3.73)
Boer 2020 UK (27) 45/46 1/90 23/68 2/89
56/52 7101 29/79 3/105
Levolger 2017 Netherlands (17) 1.04 (1.01-1.06)
Fukuoka 2019 Japan (16) 5.78 (1.68-19.93) 11/4
16/17

OS overall survival, DFS disease-free survival were presented as Hazard Radio (95% Confidence Interval).
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Indicator Description Search strategies

P (Population) Patients with esophageal/gastric/colorectal MeSH Term: colorectal neoplasms OR esophageal neoplasms OR stomach neoplasms
cancer Keywords:
«  cancer OR tumor OR neoplasm OR tumour OR carcinoma
« digestive OR gastrointestinal OR gastric OR stomach OR colon OR rectum OR colorec* OR

esophag* OR oesophag*
| (Intervention/ Neoadjuvant therapy including chemotherapy MeSH term: neoadjuvant therapy
exposure) and chemoradiotherapy Keywords: “neoadjuvant therapy” OR “neoadjuvant chemotherapy” OR “neoadjuvant
chemoradiotherapy”
O (outcome) Skeletal muscle change MeSH Term: muscle, skeletal

Keywords: sarcopenia OR “muscle wasting” OR “muscle loss” OR “muscle depletion” OR “muscle
mass” OR “skeletal muscle” OR “cachexia”

The symbol * means the wildcard symbol that broadens a search by finding words that start with the same letters.
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Variable Regression coefficient (SE) 95%CI t P value
Study design

retrospective VS prospective -0.19 (0.16) (-0.54, 0.15) -1.23 0.246
Population

Asian VS Non-Asian 0.38(0.12) (0.12, 0.65) 3.21 0.008
Cancer type

esophageal VS gastric -0.33 (0.16) (-0.67, 0.01) -2.14 0.055

gastro- esophagus VS gastric -0.30 (0.23) (-0.80, 0.20) -1.31 0.216

rectum VS gastric -0.21 (0.20) (-0.64, 0.22) -1.10 0.296
NAT type

NAC VS NAC+NCRT -0.43 (0.21) (-0.90, 0.04) -2.02 0.069

NCRT VS NAC+NCRT -0.29 (0.13) (-0.56, -0.01) -2.29 0.043
Measuring. tool

CT VS BIA 0.80 (0.26) (0.21,1.38) 3.01 0.012

Bold values mean here is significant difference between the two variables (P<0.05).





